Life sciences research usually proceeds from conceptualization to experimentation and interpretation of data, which are often represented by bands on gels or mathematical data. New imaging methods now permit the visualization of cellular events and phenomena in living cells and animals to allow researchers to confirm pure biochemical data and to follow individual cells. In this issue, Sakaue-Sawano et al. (2008) report new tools to visualize cell-cycle transitions. Their efforts illustrate how the union of biochemical knowledge with cell imaging can give birth to a new method.
Cell growth occurs through an ordered sequence of events. The successive phases of the cell cycle are regulated through reversible phosphorylation involving different cyclin-dependent kinases (cdks) and by the periodic degradation of cell-cycle-regulating proteins by the 26S proteasome. Proteasomal degradation is mediated by the covalent attachment of a ubiquitin chain by two ubiquitin ligases, the SCF and APC complexes. The APC complex is mainly active in mitosis and G 1 and degrades proteins that hold back mitotic progression, whereas the SCF complex is active throughout the cell cycle on proteins marked by phosphorylation. In their work, Sakaue-Sawano et al. exploit the observation that two factors involved in the formation of prereplication complexes, Cdt1 and Geminin, oscillate reciprocally during the cell cycle ( Figure  1 ) due to the activity of the APC Cdh1 and SCF Skp2 complexes. Cdt1 helps to load the MCM helicase onto origins of DNA replication during the G1 phase of the cell cycle. Cdt1 begins to be degraded in human cells at the onset of S phase by SCF Skp2 (Li et al., 2003) . In contrast Geminin, a negative regulator of Cdt1, accumulates during S phase and is degraded when cells exit mitosis (Wohlschlegel et al., 2000; Nishitani et al., 2001 ).
Sakaue-Sawano et al. first defined the parts of the Cdt1 and Geminin proteins that are required for their degradation and then fused these parts to two different red and green fluorescent proteins. The careful design of the truncated Cdt1 and Geminin constructs was crucial as it was important to prevent them from acting as dominant-negative regulators. Therefore, both the domain of Cdt1 interacting with Geminin and the domain of Geminin interacting with Cdt1 were removed. The choice of the fluorescent proteins fused to the truncated proteins was resolved by trying different combinations. After lentiviral transfection of the two constructs in HeLa cells, stable transformants were obtained, which happen to be red during G 1 (Cdt1) and switch to green (Geminin) during S phase. At the start of replication cells are yellow, in agreement with the existence of an overlap between the disappearance of Cdt1 and the appearance of Geminin. This result is consistent with previous observations that the loading of Geminin onto DNA (which represses replication origins) is dependent on the loading of Cdt1 onto chromatin and occurs rapidly after origin firing (Maiorano et al., 2004) . The work by Sakaue-Sawano et al. also represents a major technical achievement, as cells can be sorted according to three colors, red, yellow, and green, providing a convenient method to isolate cells at specific phases of the cell cycle.
The authors then provide a few examples of the possible uses of this new imaging method. When HeLa cells expressing the markers are injected into nude mice, they develop tumors in which the phase of the cell cycle of each cell can be identified by its color. Although these efforts would benefit from quantitative and statistical analysis, it is clear that the study of tumor formation will be aided by this technique. In particular, it will be possible to record the cell-cycle parameters (such as cell-cycle length, frequency of arrest at specific phases, and mitotic index) of each individual cell rather than of an entire cell population. The relationship between metastasis and cell-cycle phase could be addressed, both when tumor cells enter the skin vasculature (an example that is given by Sakaue-Sawano et al.) or when circulating in the blood. This technique could also be used to assess the impact of clinical treatments on tumor growth or to screen for drugs that block tumor cell division with an ease that is unequaled by other available approaches.
This method could reveal new insight into cells arresting, exiting, or re-entering the cell cycle in living organisms. For example, experiments using smallinterfering RNAs could be used to rapidly screen for cell-cycle arrest at specific stages. As reported previously, both Cdt1 and Geminin mRNA and protein are downregulated upon cell-cycle exit (Xouri et al., 2004) . Interestingly, if cells re-enter the cycle, Geminin reappears after a delay compared to Cdt1. This method might help clarify whether the levels of Cdt1 and Geminin in G 0 and during reentry to the cell cycle are also controlled through ubiquitin-mediated protein degradation or exclusively by transcriptional means. As illustrated by Sakaue-Sawano et al. and in the impressive movies provided, cells do not show any color during mitosis, before Cdt1 is synthesized in G 1 . Cells in G 0 are also expected to be colorless, and this method may therefore provide a way to distinguish differentiated cells from tumor cells. Consequently, the ratio of cycling to quiescent cells in tumorigenesis and tumor progression could be evaluated on the condition that the constitutive cytomegalovirus promoter used to drive expression of the reporter constructs is also active in G 0 . However, it might also be possible to express the reporter constructs under the control of a promoter that is constitutively expressed in cycling cells but not in dormant cells.
The study of development is another field that should benefit from these efforts. The authors produced transgenic mice that express both markers, giving rise to fully colored embryos. The harmonious development of an organism occurs by a delicate equilibrium between cell proliferation and cell differentiation. Whether specific phases of the cell cycle are important for determination of specific gene expression and cell fate has often been debated. Similarly, cell identity may also influence cell-cycle progression. Indeed, different regulatory processes have been proposed such as a cell division counting mechanism, use of S phase or replication origins to activate new genes (Méchali, 2001) , or mitotic reprogramming (Lemaitre et al., 2005) . The hypothesis that the cell cycle may regulate cell-fate determination is also strengthened by biochemical evidence. For example, cyclin E, a crucial molecule involved in the onset of S phase, is necessary and sufficient for the specification of neuronal cell fate in the central nervous system of Drosophila (Berger et al., 2005) . Likewise, Geminin is involved in both origin firing and neural differentiation (Kroll et al., 1998) . The future use of the transgenic animals provided by this study will help researchers to investigate Skp2 complex begins to degrade the red Cdt1 reporter construct. At around the same time, the green Geminin reporter construct begins to accumulate. These two processes establish a range of cell coloration that varies from red (during G 1 ) to orange and yellow (at G1/S) to green (at the beginning of S phase). During S phase and G 2 , the cell is colored green due to the high level of the green Geminin reporter. When cells proceed through mitosis and the APC Cdh1 complex becomes active, the green Geminin reporter is degraded, leaving the cell colorless at the end of mitosis and probably during a short period in G 1 .
how cell-cycle progression may control the determination of specific cell lineages or the correct embryonic compartments.
The authors also show sections of mouse embryos that display intriguing layers of cells at specific phases of the cell cycle, therefore revealing how spatio-temporal patterns of embryonic cell divisions are coordinated with cell differentiation in a whole animal. Moreover, this methodology allows not only the analysis of sections but also the acquisition of 3D timelapse images of cultured tissue slices to follow cell-cycle progression during cell migration. The authors also mention having generated transgenic zebrafish and fruit flies. Indeed, this method could be even more spectacular with the use of transparent embryos such as those of zebrafish or sea urchin. This application could also offer far-reaching insights into stem cell activation and subsequent differentiation during development and tissue renewal.
In summary, this technique represents a technical breakthrough in our understanding of the cell cycle and its relationship with other cellular events. Given that this technique might be used in conjunction with other markers or labeling methods it opens the way to numerous applications in cancer, development, and aging. As is often the case in science, when the result is spectacular but logical, it may be thought that it was predictable. In this case, however, the new work has been achieved with technical wizardry, and the authors mention a number of failures along the way, which would have discouraged many. This is certainly one of the lessons of this work. Whether the same combination of these colorful reporters used by Sakaue-Sawano et al. will be applicable to many different species is not yet clear as Geminin and Cdt1 are not well conserved across species and may also exhibit different kinds of steady-state regulation. One can also predict that this method will be further improved to allow the identification of other phases of the cell cycle or cellular states. Clearly, this paper has paved the way for future efforts by showing that the general approach is feasible.
